Key Words: ANATOMY: larynx, epiglottis, glottis, hyoid, cricoid, cervical spine; intubation The child's larynx is narrower and shorter than that of the adult and the epiglottis is relatively longer and more V-shaped. It is often stated that the child's larynx is situated higher, more anterior and more acutely angled than in the adult, but the exact relationship of these structures and the changes which occur with growth are described less than adequately for the practising anaesthetist in the anaesthetic literature.
The child's larynx is narrower and shorter than that of the adult and the epiglottis is relatively longer and more V-shaped. It is often stated that the child's larynx is situated higher, more anterior and more acutely angled than in the adult, but the exact relationship of these structures and the changes which occur with growth are described less than adequately for the practising anaesthetist in the anaesthetic literature.
The position of the larynx in relation to the cervical spine changes with flexion and extension of the neck, opening or closing of the mouth, 1,2 and changing from the supine to the erect position. 3 The aim of this study is to define how the structures of the upper airway (epiglottis, hyoid, glottis, and cricoid) alter position in relation to the cervical spine during growth, and how such changes in position influence effective laryngoscopy and intubation.
METHOD
Measurements were made on a series of standardised lateral radiographs of the skulls and cervical spines of thirty children (ages ranging from one day to twelve years) undergoing cardiac catheterisation. Measurements were also taken from suitable films of a further twenty infants (ages ranging from one day to three years), held in the Radiology Department file, and from lateral X-rays of four adults. Additional data, particularly relating to cricoid level, were derived from the collated work of Roche and Barkla.
1
A standardised position was used to eliminate errors due to variations in position. All patients were supine with the head in the neutral position so that the cervical spine appears straight on X-ray. The mouth was closed with less than 2 mm between the upper glottis, and (d) the inferior margin of the cricoid at all ages from newborn to adult are shown in Table 1 . The same information is shown graphically in Figure 1 . -'r--.........., Table 2 gives the measurements, allowing for magnification factors, of the distance from the anterior edge of the cervical bodies to the posterior edge of the body of the larynx, indicated by the sharp line of demarcation on the radiograph between air and soft tissue. The laryngeaVcervical distance in children under two years of age is up to 15 mm, especially in children of less than one year, and is increased by flexion of the neck. and lower incisors. The same criteria were applied to file radiographs. Radiographs were taken at a standard distance of 90 cm.
RESULTS
The mean cervical levels of (a) the tip of the epiglottis, (b) the hyoid cartilage, (c) the 
DISCUSSION
The results show the marked descent of all upper airway structures in the neck occurring between birth and three years. Little change then occurs until puberty when there is further descent of the glottis and cricoid due to growth of the thyroid cartilage.
At birth, the tip of the epiglottis is at the level of the middle of the first cervical vertebra and is able to come in contact with the soft palate. It has been suggested that this feature, present in all primates except for humans over the age of five to six months, makes the infant an obligate nasal breather and enables him/her to swallow and breathe at the same time. 4 • 5 The hyoid bone or cartilage descends with age, and simultaneously moves relatively closer to the cervical spine.
The glottis, as well as being higher in the neck up to the age of two, is angled slightly more anteriorly.
Facilitation oJ intubation
Lateral radiographs were taken following induction of anaesthesia but prior to intubation in a series of twelve patients ranging in age from seven days to adult.
The cervical spine and upper airway (including the mouth) was X-rayed in neutral, maximal extension, extension with the head resting on a low pillow, and, in the case of neonates, with a small pillow under the shoulders.
Two lines were drawn on the radiographs, one along the line of the maxilla at the borders of the teeth (or gums), the other passing through the centre of the laryngeal inlet and the tip of the uvula, as shown in the diagrammatic representation of the adult airway ( Figure 3) . The angle between these lines, representing the 'intubation angle' was measured in the various positions. This 'intubation angle' enables some comparison to be made between the various head and neck positions in relation to the ease of viewing the larynx.
After puberty, positioning the head on a low pillow increases the 'intubation angle' by approximately eight degrees when compared with the plain extension position.
Examination of Figures 3 and 4 shows that flexion of the neck and extension of the atlanto-axial joint in adults would bring the larynx into better alignment for intubation, as indicated by the dotted line. Because the larynx is lower, a greater number of vertebrae above the larynx can be flexed. Up to the age of four years, there is no increase in the 'intubation angle' when compared with the simple extension position, by placing either the head or the shoulders on a low pillow. Figure 5 illustrates the position of the infant larynx in the neutral position and It can be seen that when the larynx is situated relatively higher, as in children under two years of age, no advantage in visualisation of the larynx is obtained from flex ion of the neck during oral intubation because there are no intervertebral joints above the larynx to flex. More effective increase in the 'intubation angle' can be achieved by external pressure on the larynx to push it into view. This is normally performed by an assistant, but in neonates can readily be done by the fifth finger of the hand holding the laryngoscope. 7 From the age of six years up to puberty, one or two degrees of increased angulation and visualisation may be gained by placing the head on a low pillow.
The same principle applies to those cases where the upper cervical vertebrae are abnormal, resulting in neck shortening; or when the larynx is situated higher than usual. This situation may be seen in Hurler's or Hunter's syndromes (mucopolysaccharoidoses I and 11)8,9 and in such cases, greater pressure than usual will be needed on the larynx to bring it into alignment. A useful technique in this situation is for one anaesthetist to manipulate the larynx and laryngoscope, while another inserts the tube once the larynx is displayed.
Because the position of the larynx in relation to the cervical vertebrae is important in determining the degree of difficulty in intubation, a lateral radiograph of the neck is useful prior to embarking on any potentially difficult intubation.
